Multimodal Characterization of Materials and Decontamination Processes for Chemical Warfare Protection.
This review summarizes the recent progress made in the field of chemical threat reduction by utilizing new in situ analytical techniques, and their combinations, to study multi-functional materials designed for capture and decomposition of nerve gases and their simulants. The emphasis is on the use of in situ experiments that simulate realistic operating conditions (solid-gas interface, ambient pressures and temperatures, time-resolved measurements) and advanced synchrotron methods, such as in situ X-ray absorption and scattering methods, and/or their combination with other complementary measurements (e.g. XPS, Raman, DRIFTS, NMR) and theoretical modeling. The examples presented in this review range from the studies of the adsorption and decomposition of nerve agents and their simulants on several Zr-based metal organic frameworks, to Nb, and Zr-based polyoxometalates and metal (hydro) oxides which ultimately demonstrate that advanced synchrotron-based in situ X-ray absorption spectroscopy and diffraction can be exploited to develop atomic-level understanding of binding and reaction of chemical warfare agents (CWAs) impacting the development of novel filtration media and other protective materials.